Abstract-In this paper, the user experience in added value location-based mobile music service called the City Night Life (CNL) is evaluated and analyzed. The CNL service provides recommendations about entertainment premises in the proximity by matching their music styles with the user's personal music preferences. Entertainment premises are shown on a map interface and are marked with colors according to their match. The paper presents the components of the CNL service, the music profile, matching algorithm and the map-based user interface in a web browser. The user evaluation with 53 test users assessed the feasibility and business potential of the CNL service. Data was collected with both quantitative questionnaires and short interviews. The results indicate that the CNL service will be most useful in relatively large, unfamiliar cities. Furthermore, the matching algorithm was perceived to perform quite well.
INTRODUCTION
The introduction of high-capability mobile devices, fast wireless interfaces and positioning techniques has enabled the development of a large variety of location-based mobile services (LBMSs) (e.g. [1] [2] [3] ). The examples of LBMSs range from emergency services to city guides that provide information about the local tourist attractions and entertainment premises such as restaurants and bars. Usually, the entertainment-oriented LBMSs utilize a mapbased interface for visualizing the possible points of interest and the related information [1] [3] .
Although the LBMSs have already existed for some years, these services are still rather new to the users, which complicate predicting the users' perception of their added value [4] . This mainly results from the following two facts: (1) the early LBMSs have been mainly developed for research and pilot use, and (2) the mobile devices capable of running novel LBMSs have not been widely available in the market until the last few years. The barrier for the adoption of LBMSs has been further lowered with the introduction of the flat fee rates for wireless data subscriptions. With a flat fee data subscription, the customers are confidently aware of the maximum cost of the service usage [5] . Based on the mentioned aspects, new knowledge about the users' perceptions and preferences is needed in order to successfully commercialize new LBMSs.
Along with map-based interfaces, the LBMSs are often accompanied with recommendation functionality. In general, the recommender systems can be defined as information search and decision support tools that provide personalized recommendations according to the user's preferences and the usage contexts [3] [6] . The usage context is usually characterized by the hour of the day, the day of the week and the location of the user, whereas the user's preferences are typically expressed with versatile profiles. In a more elaborative way, the user preferences can be further categorized into session-specific and long-term preferences [7] .
Many LBMSs (e.g. [1] [7] ) already exist that guide users to restaurants and bars according to the criteria such as the menu and the type of the restaurant or bar, the average price level, the distance from the user's current location, and the accepted methods of payment. However, especially as for the bars and nightclubs, the recommendations could also be given based on the match between the user's personal music preferences [8] and the music style of the entertainment premises. In addition, services exist for building playlists automatically for social gatherings like parties [9] [10] . These services aim at making music choices, which please everyone in the environment, thus adapting the music played according to the taste of the individuals present.
In this paper, we introduce and evaluate a location-based mobile music service called the City Night Life (CNL) that provides recommendations about the entertainment premises in the proximity by matching their music styles with the user's personal music preferences. The aim of the user evaluation was to study the feasibility and the business potential of the CNL service, and therefore, the user evaluation was conducted in a real usage environment. The research data was collected with both quantitative questionnaires and short interviews. For the analysis of the research data, we defined three special interests groups (i.e. predicted groups of early adopters [11] ) that we assumed to have different perceptions towards the CNL service.
The rest of the paper is organized as follows: Section II introduces the service environment where the CNL service was deployed, Section III presents the components of the CNL service in detail, Section IV describes the background of the user evaluation, Section V presents the results of the user evaluation, and finally, Section VI concludes the paper.
II. THE COMMUNITY-CENTRIC MOBILE SERVICE ENVIRONMENT
The CNL service relies on a Community-centric Mobile Service Environment (COMSE) that provides the mobile users an easy access to P2P-based user communities and community-centric Web-based services. In the case of the CNL service, the COMSE also interfaces with a commercial virtual DJ system, called DjOnline by Kutalab Ltd. From the technical standpoint, the idea of the DjOnline is to stream an assorted selection of high quality music to the client frontends residing in the commercial premises.
In the CNL service, DjOnline is used for providing (1) the descriptions, (2) the street addresses, (3) the opening hours, and especially, (4) the music profiles of the entertainment premises in the proximity, whereas the COMSE is used for providing the functionalities for (1) the publishing and discovery of Web-based services, (2) the storage and retrieval of context information, as well as (3) the management of the P2P-based user communities. The user communities are established as independent DHToverlays that can be connected to specific locations such as commercial premises or some larger areas. These user communities can be joined with either Bluetooth or RFID technologies that are used to obtain the correct community joining parameters from a Bluetooth beacon or an RFID tag installed to the proximity of the specific commercial premise or a larger area.
The communication channel between the Web-based services, the context server and the P2P network have been implemented with a middleware component called the P2P Daemon [12] that runs on the mobile devices participating in the COMSE. In order to implement the communication channel, the P2P Daemon acts both as a node in the P2P network and a client to the context server.
III. THE CITY NIGHT LIFE SERVICE
In this Section, the components of the CNL service, the music profile, the matching algorithm and the map-based user interface are presented in detail.
A. The Music Profile
The DjOnline enables building versatile music profiles for commercial premises such as restaurants and bars. These music profiles are built according to the selections of music genres, music themes, time periods, and several other musicrelated parameters. All the pieces of music in the DjOnline have been manually annotated by professional DJs. In order to create appropriate playlists for the restaurants and bars, the music profiles are matched with the annotations. The restaurants can also have various music profiles, for instance, for the different days of the week and the opening hours.
When studying the existing solutions for creating personal music profiles, it became evident that these solutions often rely on the selections made on artists, pieces of music, and albums (e.g. last.fm [13] ) instead of the selections made on the music genres and other music-related parameters. For the CNL service, the aim was, however, to create a personal music profile in the same manner as the music profiles are built with the DjOnline for the restaurants and bars. The chosen approach enables easy comparison between the personal music profiles and the music styles of different entertainment premises.
In For the creation of the personal music profile, the test users were given a short instruction sheet. Our aim was to (1) study the choices made by the test users, (2) control the time they used for creating the personal music profile, and (3) examine the number of songs found to meet the criteria defined by the user (i.e. how long was the resulting playlist for each user). With the DjOnline, it was possible to assign positive and negative values for different music genres (e.g. pop, rock, and hip-hop) and music parameters (e.g. melancholic, aggressive and melodic). The positive values increase the number of songs in the playlist, which include the selected type of music genres or music parameters. The negative values do the opposite and filter out the corresponding songs from the playlist. The average behaviour of a test user and the number of choices made is presented in Table I . During the user study, it became evident that even if the negative selections would have a notable impact on the final playlist, our test users did not see this or considered it to be important. From the 67 possible genre choices offered by the DjOnline, the test users used 37 genres, and of these, only 7 genres were selected by more than four test users. From 15 test users, only 7 made negative selections filtering out certain genres from their personal music profile. The similar findings were done with the usage of the music parameters.
From the results of the user study, it became evident that in order to have a fast and easy way to create personal music profiles, the functionality provided by the DjOnline would need to be considerably simplified. We started this process by studying the selections made by our test users, and as a consequence, regrouped the DjOnline music genres into eight upper-genres. For instance, Pop, Indiepop, Schlager, and Ballad were all grouped under Pop. We also narrowed the scale from -5 -+5 of the DjOnline to -2 -+2, which corresponds to the interpretation presented in Table II . This was done in order to ease and simplify the creation process of the personal music profile for the CNL service (shown in Fig. 1 ). For the music parameter selections, we chose to use parameter pairs with the opposite meanings in order to keep the number of choices as low as possible, and thus, guarantee straight-forward creation of the personal music profile. Furthermore, selecting a lot of individual music parameters with the opposite meanings might lead into a situation, where all kind of music is included in the playlist instead of a more personalized collection. As a result, we implemented a mood equalizer ( Fig. 2) , where the user can make selections between different music parameter items (e.g. melancholic -cheerful). We chose the most used music parameters from the user study and tried also to take into consideration the context, where the CNL service would be used (i.e. what music parameters would be the most relevant when choosing a restaurant or a bar). By using the mood equalizer, the user allocates 100 points for each music parameter pair, where the selection in the middle denotes a 50 -50 division between the music parameter items.
The music genre and the music parameter values of the entertainment premises are both calculated from the current playlist and are given on a scale of 0 to 100 by the DjOnline. For providing the recommendations about the restaurants and bars, the user's selections on music genres and music parameters are matched with the ones of the entertainment premises. This is done using a specific matching algorithm presented in detail below.
B. The Matching Algorithm
The CNL service requires an algorithm for matching the user's personal music preferences with the music style of the entertainment premises. The time complexity of the developed matching algorithm is O(n). In practice, n stays rather small, since the number of genres and music parameters in the music profile are limited. Therefore, the matching algorithm can be fluently executed on mobile devices within a timeframe of a second.
In the current implementation, the score for the match is given on a scale of 0 to 100, where 50 points are assigned for the music genres, and 50 points for the music parameters. Table III presents the symbols used in the matching algorithm. 
G∑SW
The sum of the selection weights for music genres.
GMT
Match thresholds for music genres.
GVE
Genre value of an entertainment premise.
GVU
Genre value selected by a user.
GMS
Match score for music genres.
GTS
The total match score for music genres.
PSW
Selection weights for music parameters.
P∑SW
The sum of the selection weights for music parameters.
PMW
Match weight for music parameters.
PVE
Music parameter value of an entertainment premise.
PVU
Music parameter value selected by a user.
PDI
Difference in the music parameter values between the user's selection and entertainment premises' music style.
PDE
The decrease to the music parameter match score.
PMS
Match score for music parameters.
PTS
The total match score for music parameters.
TS
The total match score for the entertainment premises obtained by comparing the user's personal music preferences and entertainment premises' music style.
Before presenting the matching algorithm (Table IV) , we define four notations as follows:
Genre selection weights G SW : A genre selection weight represents the maximum weight that a particular selection can have in the score calculations (shown in (1)). The genre selection weights aim to increase the significance of the outermost selections that represent the user's strongest preferences related to the music genres. When a user considers a music genre irrelevant, a genre like that is not taken into account in the score calculations.
(1) G SW (w 1 , w 2 ) = {w 1 , w 2 , 0, w 2 , w 1 }, where w 1 >= 2w 2 > 0.
Genre match thresholds G MT : The genre match thresholds are used in order to set the boundaries for determining whether the match between the user's music genre preference and entertainment premises' music style is close enough (shown in (2)).
(2) G MT (t) = {0, t, 100}, where 0<= t<=100.
Parameter selection weights P SW : A parameter selection weight represents the maximum weight that a particular selection can have in the score calculations (shown in (3)). The selection weights aim to increase the significance of the outermost selections that represent the user's strongest preferences related to the music parameters. In (3), P VU can be the value of either of the two music parameter items. Input: Genre value of an entertainment premise GVE, genre value selected by a user GVU, music parameter value of an entertainment premise PVE, and music parameter value selected by a user PVU.
Step 1:
The common values for the genre selection weights GSW (w1, w2) (shown in (1)) are assigned for each of the five selections for the eight music genres.
Step 2:
The common values for the genre match thresholds GMT (t) (shown in (2)) are assigned for each of the five selections for the eight music genres.
Step 3:
The genre match score GMS is calculated for each of the eight music genres according to the genre value of an entertainment premise, the genre value selected by a user, and the genre match thresholds. The genre match score represents the level of the match between the user's music genre preference and entertainment premises' music style. The value of the genre match score varies between 0 and 1. Step 4:
The total match score for genres GTS is calculated for the music genres. Here, the genre selection weight sum is used for setting the total match score for genres on a scale of 0 to 50. GTS = ∑(x) (50 / G∑SW) * GSW(x) * GMS(x), where G∑SW = ∑GSW(x) is the selection weight sum for music genres.
Step 5:
The common values for the parameter selection weights PSW (w3) (shown in (3)) are assigned for each of the five music parameters pairs.
Step 6: The common value for the parameter match weight PMW (w4) (shown in (4)) is assigned for each of the five music parameters.
Step 7:
The difference in the music parameter values PDI1, PDI2 between the user's selection and entertainment premises' music style are calculated for each of the music parameters as follows:
The decrease to the parameter match score PDE1, PDE2 is calculated according to the difference in the music parameter values and value of the parameter match weight. The value of the decrease to the parameter match score varies between 0 and 1. Note that if the value of either PDE1 or PDE2 exceeds 1, the value is set to 1, in order to prevent the negative effects of a single music parameter item on the parameter match score.
Step 8: For each of the music parameters, the parameter match score PMS is calculated as an average of PDE1 and PDE2. The value of the parameter match score varies between 0 and 1. PMS = 1 -(0.5 * PDE1 + 0.5 * PDE2)
Step 9: The total match score for parameters PTS is calculated for the music parameters. Here, the parameter selection weight sum is used for setting the total match score for music parameters on a scale of 0 to 50. MTS = ∑(x) (50 / P∑SW) * PSW(x) * PMS(x), where P∑SW = ∑PSW(x) is the selection weight sum for music parameters.
Step 10:
The total match score TS is calculated as a sum of the total match score for genres and the total match score for music parameters. The total match score describes the level of the match between the user's music preferences and the entertainment premises' music style.
TS = PTS + GTS.

C. The Map-based User Interface
The CNL service provides a map-based user interface (Fig. 3 ) that encapsulates multiple smaller services, henceforth called as micro-services. By themselves, these micro-services provide no significant value to the user; however, as a combined entity (i.e. as a mash-up), they form the CNL service, together with the music profiles and the matching algorithm. When the CNL -service is initiated, the following operations are executed for creating the mash-up: (1) the user's music profile(s) is loaded from the context server, (2) a set of micro-services are located and loaded from the P2P overlay network, and finally adjusted to the user interface, (3) the user is located and the map view is centered accordingly, (4) the micro-service API is made available in order to enable the micro-services to access the users' context information and to manipulate the map view.
For the CNL service, a default set of micro-services is provided. The default set of micro-services contains: (1) Restaurant Search, (2) Playlist Search, (3) Mood Equalizer, (4) Pictures Nearby [14] and (5) Available Services. The Restaurant Search interacts with a SOAP interface that provides access to information regarding the restaurants and bars that are using the DjOnline system. This information contains the real-time playlists and some basics about the restaurants such as the description, street address and opening hours. In addition, a set of metadata about the songs, in the current playlists, is provided.
The Restaurant Search utilizes the micro-service API in order to place the restaurants and bars that are in the vicinity of the user on the map view. The restaurants are then coloured according to how well their current playlist matches with the user's personal music profile. The comparison is conducted using the matching algorithm presented in Section 3.1. The restaurants and bars are coloured green, yellow or grey according to their total match score and the following thresholds:
• Green: 70 >= T S <= 100
• Yellow: 30 >= T S < 70
• Grey: 0 >= T S < 30.
The Playlist Search also interacts with the DjOnline system using the provided SOAP interface to retrieve and display the current playlists of the restaurants and bars. The Mood Equalizer, in turn, enables altering the music parameters on-the-fly without modifying the personal music profile stored in the context server. The changes made to the music parameters trigger the re-calculation of the total match score for the restaurants and bars. The Pictures Nearby displays images taken nearby the user's current location. Finally, based on the search to the P2P overlay network, the Available Services provides a list of the microservices that could be used as part of the CNL service.
IV. EVALUATION OF THE USER EXPERIENCE
This section describes how the user experience of the CNL service was evaluated. In addition to the testing environment, the setup of the matching algorithm, the collection of the research data, demographics of the test users, and the definition of the special interest groups are depicted.
The user evaluation was conducted in May 2009, within the premises of a restaurant that is situated in the city centre of Oulu, Finland. In total, 53 test users participated in the user evaluation. The test users used the CNL service with Nokia N810 Internet tablets that were connected to the Internet through a WLAN base station (IEEE 802.11b/g). The testing was conducted, approximately, in the groups of 10 users, not to overload the low-capacity WLAN base station. For the user evaluation, the music profiles of seven restaurants were acquired. One of the restaurants had the dynamic music profile (i.e. was using DjOnline) and for the remaining six, static music profiles were defined in cooperation with the bar owners. The weight and threshold parameters of the matching algorithm were set as shown in Table V .
The information about the test users' (1) background, (2) experience with mobile services and (3) consumption habits related to music was collected beforehand using an online questionnaire. The experiences gained in the actual user evaluation were collected using a quantitative questionnaire with 5-point Likert-scale, ranging from strongly disagree to strongly agree. Additionally, short interviews were conducted right after each testing event. The interviews focused on the usage experience and the development ideas for the future.
All 53 test users were university students from various faculties at Oulu University. The average age of a test user was around 24 years. Approximately, 60% of the test users were female and 40% male participants. The demographic profile of the test users is shown in Table VI . Based on the information collected using the online questionnaire, three special interest groups were defined. The special interest groups consisted of individuals that were (1) experienced with mobile technology and services, (2) enthusiastic about music, and (3) experienced with using their mobile phone for listening to music.
In the first group, the test users either regularly used the Internet with their mobile phone or they had installed several applications to their mobile phone. In the second group, the test users spend more than four hours for listening to music on a daily basis. In the third group, the test users used their mobile phone as a music consumption medium several times a week. It should be noted that only those test users who fulfilled the above mentioned criteria were included in these special interest groups. As a consequence, the special interest groups were also partially overlapping. The average size of a special interest group was 14 individuals.
V. THE RESULTS
In this Section, the results of the user evaluation are presented. The results regarding the creation of the music profile and the usage of the complete CNL service are presented separately.
A. The Music Profile
In Table VII , the perceptions of the three special interest groups (and of an average test user) regarding the creation of the music profile are presented. The first (3.67) and third group (3.79) had more fun creating the music profile than the second group (3.29). This might result from the fact that the second group (4.29) considered the creation of the music profile slightly more difficult than the first (4.60) and the third group (4.50). In any case, the creation of the music profile was experienced to be very easy and straightforward.
All three groups (4.47, 4.36, and 4.36), as well as an average test user, clearly understood the selections they made when creating the music profile. However, it was slightly surprising that the music profile was considered to be very limited in all three groups (2.67, 2.79, and 2.86) for expressing one's personal taste for music. It was especially interesting to notice that the technically-oriented test users regarded the music profile more limited than the musicoriented test users.
First, it was suggested that more genres or pre-defined categories (based, for instance, on musical eras or nationalities) would be needed. Second, it was proposed that the music profile could also be built semi-automatically according to the selections of one's favourite bands or songs. This approach is utilized, as mentioned above, for instance, in Last.fm [13] . All three groups (4.53, 4.08, and 4.00), as well as an average test user (4.35), considered that the music profile could be created relatively fast. This clearly indicates that the required extensions to the music profile should not perceptibly lengthen the creation process. In the user testing, an average test user was able to create a personal music profile in a few minutes by making 11 selections on the music genres and the music parameters. By comparison to the earlier user study with the DjOnline, the test users did approximately 22 selections in 25 minutes.
B. The City Night Life -service
In Table VIII , the perceptions of the three special interest groups (and of an average test user) regarding the complete CNL service are presented. In the same way as with the creation of the music profile, the first (3.87) and third group (3.79) enjoyed using the CNL service more than the second group (3.43). This presumably results from the fact that the second group (3.29) experienced the usage of the CNL service clearly more cumbersome than the first (3.87) and the third group (3.71), as well as an average test user (3.89). The same trend was also discovered in the user evaluation of the Community-centric Music Voting service [15] where the same mobile device (N810 Internet tablet) was used. It became evident that the second group was more unfamiliar with this specialized mobile Internet device that belongs to a small minority of the mobile device base in Finland. According to the interviews, these test users had problems, for instance, using the stylus of N810 Internet tablet for controlling the map interface.
All three groups (3.47, 3.54, and 3.71) thought that the provided recommendations for the restaurants and bars were fairly realistic. The impression, however, was slightly better in the third group (3.71). Overall, this indicates that the matching algorithm performed quite well even though the most of the music profiles were static, and thus, defined in a relatively artificial manner. The first (4.13) and the third group (4.07), as well as an average test user (3.92), regarded the provided information about the restaurants very useful, except the second group (3.57) that considered it only quite useful. The latter result supposedly again reflects the frustration caused by the unfamiliar mobile device. The interviews brought forth that the test users would also like to get restaurant and barrelated information about the age limit, the price of the entrance, the beverage and food menus, the name of the DJ(s), and the today's events. Moreover, the test users would like to locate their friends whether they were paying a visit to one of the restaurants available in the CNL service.
Regardless of the some usability issues experienced in the second group, all three groups (3.40, 3.43, and 3.54) expressed clearly a greater need for the CNL service than an average test user (3.13) . In addition, all three groups (3.60, 3.57, and 3.92) were more eager to start using the CNL service than an average test user (3.43). This was emphasized in the third group (3.92) , where the test users were already more accustomed to use their mobile phone as a platform for the consumption of mobile entertainment. According to the interviews, the CNL service would be most useful in relatively large, unfamiliar cities, in particular.
In average, all test users would recommend the CNL service to six of their friends. In an enquiry done in [16] , the respondents were asked about the number of friends they would be willing to distribute commercial or self-created mobile content. In comparison to the CNL service, the respondents were willing to distribute commercial content (which is rather close to giving a recommendation, since the receiver of the mobile content needs to pay for the use) only to two and self-created content to less than five of their friends. This fact also indicates that the test users considered the CNL service at least fairly interesting and useful.
VI. CONCLUSIONS
This paper presents the City Night Life (CNL) service and the results of the user evaluation that was conducted in May 2009, in Oulu, Finland. We also described the creation process of the personal music profiles and a small-scale user study done in June 2008 with the DjOnline service. The main focus is, however, on the evaluation of the CNL service.
Altogether, 53 test users participated to the user evaluation of the CNL service that took place in a real usage environment. The evaluation data was collected with quantitative questionnaires and short interviews, focusing on the usage experiences and development ideas for the future. In the analysis of the evaluation results, the test users bearing similar consumption habits were categorized into special interest groups. The three defined special interest groups comprised of test users who (1) were experienced with mobile technology and services, (2) enthusiastic about music, and (3) experienced with using their mobile phone for listening to music.
The evaluation results indicate that the CNL service would be beneficial in relatively large, unfamiliar cities, in particular. The test users also thought that the matching algorithm performed quite realistically, and that the information provided about the restaurants was useful. However, the test users regarded the defined music profile too simplified and too abridged for accurate expression of one's personal taste for music.
In the user evaluation, the music profile comprised of eight genre and five music parameter pair selections.
According to the evaluation results, more genres or predefined categories would be needed, and alternatively, it should be made possible to create the music profile semiautomatically based on the selections of one's favourite bands or songs. This result was something that we expected. The creation process of the personal music profile copied from the DjOnline was simplified notably, and almost all our test users created more complex profiles with the DjOnline than it was possible with the CNL service. However, our test users spent more time (in average 25 minutes) for the creation of a personal music profile than it was possible to expect from the mobile users of the CNL service. In a real life service, the users would most probably create their personal music profiles beforehand using a desktop computer and the mobile device only would be used to fine tune the personal music profile(s) when needed.
The three defined special interests groups clearly represent the potential early adopters of the CNL service. First, all three groups expressed a greater need for the CNL service than an average test user. Second, all three groups were more eager to start using the CNL service (as soon as it would be publicly available) than an average test user. The interest in the CNL service was strongest in the group of test users that were experienced with using their mobile phone for listening to music. This can be explained by the fact that these test users already are more accustomed to utilizing their mobile phone as a platform for the consumption of mobile entertainment.
As for the future work, a slightly modified version of the CNL will be introduced during the year 2010 in the UBI Infrastructure (http://www.ubioulu.fi/en) established in the city of Oulu, Finland. The UBI infrastructure consists of altogether 12 interactive displays that provide a variety of services for the urban dwellers.
